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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide titanium dioxide microparticles which exhibit higher 
photocatalysis than the conventional upon being irradiated with visible rays and develop 
photocatalysis excellent in stability and persistence, to provide a method for producing the 
same, and to provide a method for producing a visible-ray-activatable photocatalyst. 
SOLUTION: The titanium dioxide microparticles are obtained by heat-treating titanium dioxide 
microparticles as a raw material at 500 to 620° C in a reducing gas atmosphere containing a 
nitrogen-containing gas to dope the titanium dioxide with at least one member selected from C, 
H, and S and with N. The obtained titanium dioxide microparticles are characterized in that the 
concentration of the formed acetone gas is at least 500 ppm or higher when the concentration 
is measured by placing a 10 cm-square uniform layer of 0.2 g of the titanium microparticles in a 
one-liter gas bag, setting the initial isopropanol gas concentration at 1,500±150 ppm, and 
irradiating the sample with light from an ultraviolet-filtered fluorescent lamp for 1 hour at an 
intensity at a wavelength of 420 nm of 0.5 mW/cm2. 
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[ 0 0 3 5 ] 

ft*v>mmkfZM-#ikT 9 > i* s ft^s-estiT i o 2 _ x -e *> a e 

t»Wi:«5iiHkf ft & T-ii, ft * a; r* « -r t , t i o 2 _ a n x n 

y AT*fc5 0 r. - "C, NJilifef ^ >co^ B B g cog£l!fl^ McAoTl^ll, NJil 
S£ ft 7- * y 60 & 0 B 0 oo ft ^ ffl [c A o T ^ 5 S ^ . A it r ® ft ^ * y co £ £ K K - y £ ft fc ft 

IK ft. fc^m ZM^-f Z> 0 

[ 0 0 3 6 ] 30 

fig, T i - N- OOg^tit', -^ft^^>60T i i8^LTt^:H>» 

*> 5 vwi * fc , T i o 2 & rfi co H iff a? g ^ g ^ $ ft , ffi m K - -7' * ft It N (i 
, T i 0 2 tSSt(08i0fi[H:AotP5ftffi, tifet, T i - N- T i co^^^ffi 

:hf)»8^tt8wH, t i - n-t i w*^^^: OS* Lh, 

[ 0 0 3 7 ] 

i^^'i2lc, -^fb^^>^fe^(ciot>TK-y$ft^NO^^^fficofi¥W*£* 

ft o t> co T* h <0 , ll(j:*i^p 0 n, H 2 11 ft £ p p p ( N K - -f ffl ) l:o^T^Lf:{, 40 
co "C & 5 o 

[ 0 0 3 8 ] 

4 *J t XPS^Wcogij^^f4(i x ^Tco<lrjo^T'^5o 

Si : K r a I o s tt AXIS-Ultra 

® 4S X ft » :^e/^DAl - Kaft (1486. 6eV) 

^®^^ttjftg:90° ( K » S ffi ^ ) 
ft ffl S :<10nm 

[ 0 0 3 9 ] 

Hi*5J:a t H2lc*>^T, l S ^ n <n tr - ^ (1 , t i — n — t i weHSi:fe5Nw 50 



£ r& S ft m 
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*«r*LT^5 0 Sfc, **:g|$#cot 0 -^f4, Ti-N-Oco&^ftffiHc&^NcojitS 

Bi iB2iojt8^e)fl&^ft± 51:, *5g^ai:o^ti^ iSfbf ^y^o^N 
lc H # -jfefe o fc T i - n - T i co te£:Rffia?£ < &m £ ft , t fc , T i - o©||«l:A9 

**SHlc«arft{fc fi, :«J:9^g^ftl^tLTt^:^^, -ft 

( 0 0 4 0 ] 

* fc , 13-161:, * » M I- « S - » ^ ^ V ««[ -T- W # fflKlt ife ( T P D ; T e m 
P era ture Programed Desorpt ion) {C£o#ffij&ft;tf*cO 
* * h ^ £ jfk 1- 0 Rffi^Xli, ft ? ft N B3^N 2> m 4 tfH 2 . 15^C0 2 , 16 

[ 0 0 4 1 ] 

^ *s . T P D co $i] £ £ ft [j; , £XT <n t & V X* h 2> 0 

SS ■ (TPD, Model 

:Thermo Plus TPD type V) 
« » ff2 KB : t»*Kfi«:P tt/l/ (|g6mm, B J 2 . 5 m m ) lC * % 20 

4 0 - 9 0 0 °C 
1 0 °C / m i n . 
£*-KT I C ( * * -V V ) : m / e = 1 - 1 0 0 
9J^§B*6SC^ft:^2. 0 X 1 0 " 6 P a 
[ 0 0 4 2 ] 

i3-i6C^Lf;^^ N 2x H 2 , CO., m / e = 6 8 "C * 5 ^ f tl t , 

r co X o (c , 7 o 0 °C » ± co K igc lc « »| $ ft ^ «i $t t° - * 14 , *58Wtc«5H»fk^ 
^^tttt^^flljSo-ttSrJgritLrv^aN, H, casttffl£ftfcc£lcj:ak<0i«fll£ 
ft 5 o 30 

4*5, 7 0 0 \:*i»<o(6f&«lc:fc^T fe , tT - * 14 K SJ £ ft 6 ^ x * ft b it % " Wt it =f- 
^>ta«t^^*ffilcK*SftfcNH 3 , H 2 OfiHcfiH1"5^^*siftffiS*bfct>o-t?*0, 

[ 0 0 4 3 ] 

£ fc , m 6 14 % IIS^J; 9l:m/e = 6 8T'J)§Sdl:o^t(D^^^ h >^ £ ?f L fc t> 
CO T* *> h # , S»«4»f « (i*f:^Wt**>5o 

L ^ L 4 ^ 6 , B6*»6tB5>^4i5i:, c co « R lc o i> r (4 , KK f - ^ ifit^, 

(N K-^ffl) <OpTffi3tStta**«ia^lcjo^T«tt3 7 0 tT'fcSWl:»LT 40 
, * 9S W p°d lc io t * T (4 7 0 0 °C ± T* h £ o 

L fc # o T\ * 3§ ^ d p q (C & T (4 , Z(Om/e = 6 8 t *> 5 rfc»^ I Rfbf ^ V i » B 
[0 0 4 4 ] 

O fi * ri* P> , l/im^TX'fo5:H?SU< 4 » IC , - & ft ^ OS % 111 Onm^il 
0 0 nmaTro«ftt'*)6:H>»i L t > . SJISfi^ Wggli 3 0-4 0 n m g fc 

c <o J: o t£ n £ © II (c -5 - ft ft ^ * > » tt f± , m » ffl i£ ^ lc t> , jfIi:fflVNS:i 

? # 5 o 50 
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[ 0 0 4 5 ] 

yyoxy-zu (i p A ) *<o»ftffitt«r*i-t>©-c&5 0 

W £ * KKBMb^Vft&^O. 2 g £ 1 0 cmBg^lC^-l^ L fc R ft £ « ft 1 1 (7) 
^^^^rtCAtl, SlDO/D^V-/M^8S^l 5 0 0 ppra±l SOppmi: 
L , ffl B K tt£ , ***a««**ftfc***r*fc, 8I 4 2 0 nmC^tt^lSO. 5m 
W / c m 2 "C 1 0$ Pel RH M* , t4Lt7«fe hy#^i«# 5 0 0 p pmBliftSfc^t? 

I P Al«|^ii^ ^ 7t Fy^4St5o £ S> , SHb £ J£ # il *t 1" S <!; , 10 
[- li , ~SMbK*£*££ric*t£ 0 r 03 «t 5 * I P A <D »<b S £ . *«8lfSttSrSffi-r 

[ 0 0 4 6 ] 

r. ix *f L T , * » W *5 ^ T li , ^a*BBWlc#+53fett|tSttS:ff«-f5fc^(- % 
±S^J: 5iaaw»«StRffiS:Rfflt5. ^ h lc X <9 , * ^ 9j & 3 H R fb ^ * > ft 
* *s , wa*RWl:»ltSnt**ltgefc*tUTfc5:^Hi([fciB5:i^ 

20 

[ 0 0 4 7 ] 

K T , * ^ p >3 (-^ £ ~ g£ fb ^ ? y ft ft ^ ^ 

$^/7^fil:MiL, 50tt~|ftg^, CHSrttSRKfsjt-r*. 

&fc, r^K*K»«r % 8«l 1 K7-^y ^CAtifct, O/o^y-^ (I 
PA) M a £ * A> £ M £ ft T K 7 - /< y ? (Z 1 0$ flq fli 11 S it , ~ ft ft ^ * > ft ft * <n 

^ (7) r- K9-^y^ftw I PA#*«&*3j;UfTi? h > # * S% £ $ * $ p h ^ ? 7 
-f M J; 9 ffl £ L , I PA^/^fiS^l 500ppm±l 5 0 p p m , 7t hy^/xig^ 30 

o 

iTSr/fll^T, S1 4 2 0 n mCiolt 6*51^ 0 . 5 m W / c m 2 <7) ft £ 1 

B# Pfl M ft % i P A if x ft £ io j: i p a (7) g£ fb {- j: $ £ $ L 7 ir h y # x ft g * jgq £ 

* « W k « 3 ~ 8Mb * ^ ft fi^ ii , :o^wrthy^^is^5oo P pm^i 

[ 0 0 4 8 ] 40 

±E«)J:9 4Br«*WBH*tT(-*5»t5 I PAco»fbRJc£:offiii^/fl, -f ft , I PA 
fefb^tt^^-fr^li, v/7^^^^ii^f biltl^*/^7^f t K?W7/Ur 

[ 0 0 4 9 ] 

± E (O J: 9 ft * « W iz % h ~ IS (b f - * v ft & * ii % -itfb^^^B^ftfe^S:, n * # 
^^^t^lxi4^^#i^T. 5 0 0 t ^ i 6 2 0 t 7 T'iUlai t 5 : ^l: J: r# 5 50 
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9*Ki*fei:J:ixtf, *f M * m » K *j- l t <S *i fc # Ms ft ft tt *r * + , N ^ K - 

[0 0 5 0 ] 
[ 0 0 5 1 ] 

* fc l± K S: , N£W#xi£t?»5cte#*#Hf§lT, 5 0 0 °C1^16 2 Ot^TT'l^l 

ts fc w t? fc ^ 0 

^ co J; ;> Ic , « & ^ ( * ) *0ftO»ttl^rt*L-C»e>ix*:ric»f|t J ?», £ b^f&Bfc 
£ m £ * fc « W > * fc CVD#l:j;Df J$Lf:R?^, ±EH»ftf-^vJH»lS 
KT-co^^^^^fcifi^^-r^r^lcJ:^, «^(Offlj^jcj£i:T, ffi IE fifc » ft , & & ft £ 

- £ # ^ t ft 5 0 
[ 0 0 5 2 ] 

_h e «fc 5 ft # a » « ^ ^ ?g ft % * *s * * n m ii , ^a»t$)5:Hu^n^ 

o £ 7L ft *i f*\ **«<OJtaBa^*#<4 9, J: 9 rtSl(c$t*i^iAL^t< ft 
5 fc ft & * Lt\ 

ft*ffl^tiL$x.iv^s, is * if * m?7 - i 8 7 8 5 2^^a^ie*g$nTv^<t 

9 fc«#fi»K J; 0M + 6 - t tf&i L^„ ^(D J; 5 ft «jf & ffl £ i 5«JB*Sli, ft 
[0 0 5 3 ] 

rfl £ (i , 5 0 0 °C!^J: 6 2 0 tWTT'fc5:H^n^ o 

a*fttt^# e> tift i> 0 
± is ^ & a a a wt , £ «9 # £ l < i± , 5 3 ot^is 9 ot^Tt^5 0 

[ 0 0 5 4 ] 

S fc , ± IE & 31 , - SML * > (C N £ K - :/ £ it £ fc # N^#x£^frif^ 
HufEN^W#*<!:LTIi, N 2 , NH 3 , NO, N0 2 *t)8^5:i#ti5. 

[ 0 0 5 5 ] 
[ 0 0 5 6 ] 
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pij 7L li\ NH 3 ^^*5j:uc^fi:**^^wfi^^^Srffl^5S^ic(i, ^ ft * 3R # * (i 
, NH 3 ^^in'>fti>:Hi»ii<, NH,^^i:j#Lt 2-7 o%-e*»s:ii«ff 

[ x ik m ] 

[ 0 0 5 7 ] 

JUIRSiiStweil * ^ 0 

[ m m m i ] 

0 0 Ow t p p mjo J:(/^i 1 5 Ow t p p m £ F' - / L f: 7 t ^ - f 1 
^ * V » ft ^ (1181 Onm, Slfi3 0 n m O fi«« O - Sftf) £ $ L fi 0 

[ 0 0 5 8 ] 

- <o ffi * ft ft ft K g* It > TE^*fticJ:9fTofc 0 

ic , - ft R K «■ £ , 111 I K5-^y^l:Aht« t o^da/-^ ( i 
PA) & 1% /v ti'£L%%: y- Y y — y if \ft \Z 1 1$ fll S J t , it ? 9 > * <D # 

r 60 tt ft # X (7) I PAfcit/Tt hy(O^^IS«:^7M-7 h^7 7>f (Sh ima 
d zu G C — 8 A , U y A : ft * y * K#7ASBS~1 00) C i ^) I) J L /: t : 
6, IPAIil 6 0 0 ppm, Tirh^li^^ai (ND) T^of: 0 ^<75ttffiSr^Jffi3tfiS 
» lift ( S «J ) <o #c f§ £ L o 

±ll7^/^ft^^}ii UV Guard UG P 2 OWL 1 0) JliHf:S)E 
*T (To s h i ba FLR20S, W / M ) £ ffi ^ T , SI 4 2 0 n m I; It 5 
0. 5mW/cm 2 (Di^lH|r 0 lMi t I P A ^/ 7 i g io <t (/ I P A (Olft (C J: ^) t)S 
L it T i? h > X * m ffi £ 91 £ L o 

It £ ^ i~ h <d x* h o o 

[ 0 0 5 9 ] 

[ Jt * «y i ] 

ftm<D®mkzm-mitT ? >$k$L* (Attsn ico^t, %«0y 1 ^icLt, *r 

^ <£> $S j£ £ 1 (vl^-To 
[ 0 0 6 0 ] 
[ it «E W 2 ] 

^ co ^ £ $ l lc^t" 0 

[ 0 0 6 1 ] 
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im i ] 
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mmmi 
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[ 0 0 6 2 ] 

( n m m i ) 14 , ^taftcofigtti-io-c, i p A©ifkgjgi:j: jtiJLfcrt 
a* & ffl £ n , *t a 3t n -t z> % m m s £ * -r ^ £ ^ b p htiit. 20 
* fc , c <d * n ^ k % h _ ^ fk ^ 9 v a tt -f- 1* , ^rft*Biti«FnBaic:*fflSixfc±ric 

7t ^^^©1^6, B£ 1^ £ ^ Pfe M CD rfi fl£ & ( It It « 1 ) * , N F" 

[ 0 0 6 3] 

ft *5 , ± is m m m *s «t t>* it k m 1 , 2 ^ - it it f- * > a «t ^ * , * tt n , 1 8 0 °c x 

1 R# ffl * j£ # y x Wi ± ic «e §r ft it ft ( Z o ^ X , ±Efcra«<0^ia3tJSttff«K*ttf 
ofct^5,*j(t«iico^rtt, I P A»»a*^ft 2 5%iTLfc^, ItftW 1 , 2 
Id o ^ T (4 , I P A ft ffi * ft M 5 0 % ffi T L fc o 

w co - ^ ^ p> , m m m 1 iz. % z> - it * > a it x it r 1 , 2 (c it ^ x , m u a 

ft*S, *SrfiB*t Lft^B&*ft(cfcv^TI4, ^ 1* -jtfb f- * yftSf o ^ T t> , X 
fk 14 * » S *i ft o fc . 

[ 0 0 6 4 ] 

[ * 2 ] 

¥ J$ & & 6 nm(OIJff*ftWZ8lbf 5 0 g £ if * ft h u-CIIL, 

NH 3 ^^4oj:t>*yp^<y^xco^^^^#ii^T, 5 7 0 °cx 2 m^m^m l x , ~m 

fk^*>afifc*&f£»Lfc 0 

*^*5lt5ifeftfeiltfitt«:BFttLfc. ifib^gl^, B7l:^77iLt*t. 

ft *> , ±E*tti«fiH4^»fiil4, * &l 1 fc R fil <D « Tfe ffi tt 1? ffi K A ic 4 «9 ?f o it . 40 
[ 0 0 6 5 ] 

|7(0^7 7l:^Lf:J; 9f:, 7' o > ^ x ^ n H 3 jl * [z. # L T , 0 % to if ^ 14 , pj 

a * hs «- *c » 5*tt«ESttf4^^* 9 , 2%^±{c^^t(4, +»ft»**«B* e>*ifc 

o ^l:, 5 % ± co « £ ic 14 , S l£ - £ L T , ff*Lfc**fcttEStt^B^b*tfc. 

ft , # ?> tL f" ~ It ft ^ 9 V jft ^ ^ 14 , ^ -f iX h % fii^R4 0nm(Ofi««|:iigL 
[ 0 0 6 6 ] 

t m m &\ 3 ] 

?^SS6 nm^litfft^^-Rfk^^^Sfl-ae^S 0 g £ * ft h U~{C®1L, 
NH 3 i/^J;(;/p/'yj/^ (NH 3 #*K#LT5%) (7)rg^^^#(arvT. 5 0 0- 50 
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6 3 o , Cco|5B(-fc»t«#aST > 2ii*IBSI!H6aLT, ~ $ fk f - * > {ft & * * ft H L fc o 

UT, Mfc It 5 *tt«ESttS: §¥<ffi L fc. C ft b a> £ * & , 181^77 

fc L X Jjk-t o 

ft *5 , ± IB Jt ftfc tt S tt co I? ffi li , **«lil^«<o^a*fittWilli«*lcJ;ijfTofc 0 

[ 0 0 6 7 ] 

|8^)^77l:^LfcJ: 5 1:, Slteiiag^ 5 o o ta± 6 2 otHT^S^, ® ft fc 

^ra*BB*t^#ra**«iStt#Bft&ft. wjd, 53otai59otaT»»*i:, 

ft , 5 4 ot^»ftlit#bhftii{tf ^yiftf i:o^t»ffLfci:%, N 

# 3500wtppm, C^160wtppm^£ftT^fc o 
[ 0 0 6 8 ] 

4fc, *#bftfc~SHfc^ * ^Tftt, fil^ft30-4 OnmWfi»«l: 

fift ft L "C Jo 0 , St ft * Sr ffir fc ffi ^ T* & o fc e 

H 9 - 1 1 id % 500 °C, 570 °C, 6 2 0 t C0#^g t'HS&I I X }| b tlf: liftf 

[ 0 0 6 9 ] 

[ HJte fi»J 4 ] 

¥ #J S 6 M mCO«tf«ttcorM{k^^v]R»tftti|[^.5 0 g £ if & L , Wi n m t L fc 0 

BU IS l£ ft * , NH 3 #X<!:H 2 #X ( N H 3 # X # L T 3 % ) K0 2 i/^ ( N H 3 ;#* 
7s |c *f L T 3 % ) 0>R£#*£H*lT\ 5 9 0 1 1? 8 I* RUISfc 1 L , IIL$ 7 0 %T'i* 
(c jg ii ft (lift) **^6#?LW^6>ft«*:*ao4E«*^»e)ftfco 

«E?Stt £ 3ffi L fc 0 

mmlt'fi03^|:fcl^ s ^ CO * # « X fo o fc 0 

ft fc , iHtl/:l»|(OStt*l;o^T»ttLf:i::5, N^ 3000wt ppm> C 
* ? 10wtppm*SftTl^fc o 
[ 0 0 7 0 ] 

[ £ Ife #J 5 ] 

*lt«l 0-»ffcf ^y»tt?t*lC»|)[J*-C ( H B ft 5 % ) , -ft£27cmX9 

0 c m <n m -7- ^ m ft L , ?fi & 5 it , Ut^RSSHt, T IB (c m 1- <fc 9 ft * /v 
A T x t K # ft? f£ « £ fr o fc 0 

if IB ft m « £ § }S 1 m 3 <D S u S Hi * y $ X |c A ft fc & , */PA7/l/rt Ktl. 5 
ppm^gAL, ^Tt^T (To s h i ba FLR20w, W/M) ^ b 1 0 c mW(i||: 
■fe v V L fc o 

* jfe *r H8 1+ B# <D * /V A T /U x fc K8g^v;l/f ( I n n o v a 1 3 1 2 M 

) xm £ L fc o 

[ 0 0 7 1 ] 

[ Jt * « 3 ] 

it ts #j i <d - r fk ^ * v {ft & ^ m o ^ r , m m m 5 fc m « (c L T , ^y^7;i/7t K » 

»SEB««:fTofc 0 
[ 0 0 7 2 ] 

Hi 2 l-i ?F L fc <£ •) {c , H ife M 5 , tt g5 M 3 It T , * * *r 88 W (c J: 5 ffi ft fc T ^ 

i <o - t t % * ^ n i- ^ s r fk f- 9 > fa * \$ . s <o * * *r fig 9t ic «t s ffi ft fts 
ffl « o rt; ffl /fl ^ ^ iffl i$ $ ft h o 
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( B BB o ffi * ft K M 1 

[ 0 0 7 3 ] 

1021 tfc * p°p CO ~ K ffc ^ * V « % {C O ^ T , K-^^tlflNCO^^iRffitCOV^TOX 

183] *«Wfe:^s >»te^w#jaK«jfc (TPD) CJ:5N 2 W7^^ h 

184] "llfcf-ir ^*«[^(0*»K|tffi (TPD) |C^H 2 (7)^^ h 

^ i ^ L /: t O T* S , 10 

185] **wic«5nnfk^ir (tpd) iaKo 2 o^^ 

1861 *»Wfc(S3rB{fc?-* (TPD) (a^gitmMt 

><0flSffiilfte<Ojfcm/e = 6 8T*fc5^c^^^^^ h A* * ifk L fc fc <D fc 5 „ 

[07] «»M2i:jbMn/o^y^^©NH 3 j(f^i:»t5ili*IS*gttio|j« 

[08 ] ^ #'J 3 {^^it^Sfl^S^S<b3fc^^^t4^^M^^^L/c^ y ^ "C -5 0 
189] 5 0 OttlSiLTHbixfcZiftf ^y»|lf©FE - S EM?It'$)5, 
HUl 0] 5 7 OttH^lltflbix/cIi^f ^atf «FE - SEM¥SCT**>5 

20 

[Hi 1] 6 2 OtTiftlLT#f)ilfclB(kf ?y»6f(Z)FE - SEMiXtfci 
[Hi 2 ] % ]fe ffl 5 (ItMl) *J <t Jt tt ffl 3 ( Jt tfc « 1 ) (C *j It 5 - m it * 9 V ft tt 
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(51) Int. CI. 7 

B 0 1 J 35/08 

B 0 1 J 35/10 

B 0 1 J 37/08 



F I 



(##) 



B 0 1 J 

B 0 1 J 

B 0 1 J 

B 0 1 D 



35/08 
35/10 
37/08 
53/36 



Z 

3 0 1 J 
J 



(12)WM Hip W 

F £-A(##) 4D048 AA06 Ml 9 AA20 

BA46X BB01 BB17 
4G047 CA02 CB08 CC03 
4G069 AA08 BA04A BA04B 
BB01C BD01C BD02C 
CA05 CA07 CA10 
EA08 EB18X EB19 
FB01 FC06 FC07 



3 0SH MH-ty I y * xn&£ttffl&W3mft 



AA21 AA22 AB01 AB03 BA07X BA41X BA45X 
EA01 

CD04 CD07 

BA04C BA08A BA08B BA21A BA21B BA21C BA48A 
BD06A BD06B BD06C BD08A CA01 CA02 CA03 
CA11 CA13 CA17 CD10 DA05 EA04X EA04Y 
EC03X EC04X EC05X EC22X EC22Y EC27 FA02 
FC08 



